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® Anti»sense regulation of gene expression In plant cells.. 

(§) Regulation of expression of genes encoded for In plant cell genomes is achieved by integration of a gane 
under the transcriptional control of a promotor whictn Is functional in the ho$t and in which the transcribed strand 
of DNA is complemontary to the strand of DNA that is transcribed from the endogenous genG(s) one wishes to 
regulate The mtegrated gene, refenred to as anti-sense, p^o^ddes an RNA sequence capable of binding to 
naturally existing RNAs, exennplified by polygalacturonase, and inhibiting their expression, where the anti-sense 
sequence may bind to the coding, non-coding, or both, portions of the BNA The anti-sense cons^uction may be 
introduced ifito the plant cells in a variety of ways and be Iniegrated into the plant genome for Inducible or 
constitutive transcription of the and-sense sequence A wide variety of plant cell properties may be modified by 
employing this technique 
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The modification of plants by genetic engineering has lagged behind th© understanding and utHizatlon 
of the molecular biology of unicellular organisims and mammalian celts. Technique? that have proven 
effective for stable transformation of unicellular mscroorganrsms or mammalian cells with foreign DNA have 
not found useful analogy with plant cells Tlierefore, despite the many achlovomonts Involved with 

$ uniceilufar microorganisms and mammalian cells, the number of achievements with plant cells has t>een 
substantiaHy fewer and the experrence vyith the other types of organisms has not been readily transfatabi© 
into successful practices with plant cells 

In many situations it will be desirable to modify an existing trait of a plant cell rather than Introduce a 
new trait Thus, one may wish to modify the activity of a particular en^iyme, provide for the preferential 

10 expression of on© allele as compared to another, one isozyme as compared to another, or the like In many 
instances one may only wish to reduce the annount of e^q^resston of a sU'iicturaf gene, rather than inhibit 
expression entirely It is therefore ot interest to develop techniques which will allow for directed modification 
of the phenotype of partfcul^ plant cells, plant tissues or plants. 

Crowley at al. Cell (1985) 43:633-841, describe the use of an anti-senso construct of the discoidin gene 

16 transfected into~Drctyostelium to repress expression of endogenous discoidin genes See also references 
cited therein. Anti-sense regulation has also been described by Rosenberg at al Nature (19S6) 313:703- 
706; Praiss et al. Nature (t98S) 313:27-32; Melton . Proc= Natl. Acad Scr USA (1885) 82:144-148; tzant and 
Weintraub . Science (1986) 229:345 352: and Kim and Wold , Cell (1986) 42:129-138. See also, Iz ant and 
Wein traub Ceil (1984) 36:1007-1015; Pestka Ot al. Proc Natl. Acad., Sci, USA (19S4) S1:752S.-752a: Mizuno 

20 ira7Tbid"(1 984) 81:t96e"1970: Coiem an et^al Cell (1984) 37:683"e91; Travers , Natur"^(1984) 311^:410 and 
Weintraub et al Trends in Genetics ll 985) 1:22-25, McGiFry and Undquist . Proc Natl Acad Sci USA 
(1986) 83:399-403, report the inhibition of heat^^shock protein synthesis by heat inducible anti -sense RNA 

SUMMARY O F THE INVEN TION 

Regulation of expression in plant cells is achieved by integrating into the plant cell host a DNA 
sequence comprising a gene in which 8ie transcribed DNA sequences are at least partially complementary 
to a DNA sequence already transcribed by the host The exogenous integrated DMA wlil be under the 
transcription a3 control of a transcrlptlcmal initiation region recognl;^ed by the plant cell host. Transcription of 
00 the exogenous integrated DNA wlil r^ult in multicopies of an anti-sense RNA which will be complementary 
to an endogenous RNA of the host celt. This anti-sense mBNA will result in reduction of the functioning of 
the natUFatly existing RNA 

BRIEF DESCB IPTiON OF THE Qf^WtNGS 

Fig 1 Indicates the EcoRI-BamHl fragment from pCGN 1401 This fragment corresponds to the 5'- 
portion of PI includingthe region encoding the N-termlnus of the mature polygalacturonase protein The 
underlined amino sctds are predicted from the DNA sequence and agree with ttie amino acid sequence 
determined by chemical sequencing from purified polygalacturonase; and 
40 FHg 2 fs a flow chart of the various pJasmlds used in the construction of the binary vector pCGN783 

DgS CRIPTIO N OF THE SPECri C EMBODI M ENTS 

Meltiods and compositions are provided for modulating RNA utilization, particularly modulation of a 
45 phenotypic property of a plant host cell The compositions involve transcription constructs having transcrip- 
tional initiation and termination regions separated by a sequence which is complementary to a sequence 
present on RNA, particularly messenger RNA, endogenous to tiie host By this means, various processes 
endogenous to the plant host cell may be modulated, so fiiat ttw production of individual proteins may be 
reduced, multi-enzyme processes modulated, particular metabolic paths modulated or inhibited in pref- 
50 erenca to one or more other metabolic paths* production of non-^proteinaceous products reduced, cell 
differentiation modified, and the like. 

The ^quence complementary to a sequence of the messenger RNA will usually be at least about 15 
nucleotides, more usually at least about 20 nucleotides, preferably about 30 nucleotides, and more 
preferably about 60 nucleotides, and may be 100 nucleotides or more, usually being fewer than about SOOO 
65 nucleotides, more usually being fewer than 20Q0 nucleotides, and preferably being fewer than 1000 
nucleotides The sequence may be complementary to any sequence of the messenger RNA, that is. li may 
be proximal to the S'-terminus or capping site, downstream from the capping site, between the capping site 
and the initiation codon and may cover ali or only a portion of the non-coding region, may bridge the non- 



2 



BP 0 458 367 A1 



coding and codfng region, be complementary to all or part of th© coding ragton, connptementary to the 3'- 
terminus of the coding reglo^^ or complomen^ry to the 3*-ur^translated region of the mRNA 

In referring to Messenger RNA, the Messenger RNA may be processed or unprocessed, that \s 
including Inlrons Thu^, the non-codrng r^lon may include tha 5* or 3* non-coding flanking regions and the 
6 introns 

The particular sH&(s} to which the anti-5en$© sequence binds and the length of the anli-sense sequence 
will vary depending upon the degree of Inhibftton dasrred. tt^e uniqueness of the sequence, the stability of 
the antf-ssnse soQuenoe, or the like. Ttierefore, to some degree, these factors wf! be determined 
empirically based on the experience observed with a particular antl- sense sequence . 
10 The sequence nrtay be a single sequence or a repetitive sequence having two or more repetitive 
sequences In tandem, where the single sequence may bind to a plurality of messenger BNAs In some 
instances, rather ^an providing for homoduplexing. heteroduploxing may be employed, where the same 
sequence may provide for Inhibition of a plurality of messenger RNAs by having regiof^s complementary to 
6\ffomnt messenger RNAs. 

tB The anthsense sequence may be compiemontary to a unique sequence or a repeated sequence, so as 
to enhance the probability of binding. Thus, the anti-sense sequence may be involved with the binding of a 
unique sequence, a single unit of a repetitive sequence or of a pluraJlty of units of a repetitive sequence 
The anti-sense sequence may resuJt In the modulation of expression of a single gene or a plurality of 
genes. 

so The transcrlptionai construct will be comprised of, in the direction of transcription, a transcriptional 
mitiation region, the sequence coding for the anti-sense RNA on the sense strand, and a transcriptionai 

iermination region 

The transcriptional Initiation region may provide for constitutive expression or regulated expression A 
large number of promoters are available which are functional in plants™ These promoters may be obtained 

215 from Ti- or Ri piasmlds. from plant ceHs* plant viruses or other hosts where the promoters are found to be 
functional in plants. IHustrative promoters include the octoptne synthetase promoter, the nopalino syntiase 
promoter, the manopine synthetase promoter, etc , as lilustrafive of promoters of foactenal origin functional 
in plants Viral promoters include the cauliflower mosaic virus full length (35S) and region promoters, etc 
endogenous plant promoters Include the ributo8e«1,6-bipho5phate (RUBP) carboxylase small subunit (ssu), 

30 the j(?-conglycinin promoter, the phaseolin promoter, the AOH promoter, heat-shock promoters, ^ssue 
specific promoters, e g , promoters associated with fruit ripening, etc 

The transcriptional initiation region may be a naturaliy^occurrlng region, a RNA polymerase binding 
region freed of the regulatory region, or a combination of an RNA ploymerase binding region from one gene 
and regulatory region from a different gens. The regulatory region may be responsive to a physical 
stimulus, such as heat with heat shock genes, Mght, as witfi the RUBP carboxylase SSU, or the like 
Alternatively, the regulatory region may be sensifhre to differentiation signals, such as the ^-conglyclnin 
gene, the phaseolin gene, or the like A third type of regulatory region Is respor^srve to metabolites. The 
time and level of expression of the anti-sense RNA can have a delrnlte effect on the phenotype produced 
Thus the promotofs chosen will determine the effect of the anti-sense RNA 

40 Any convenient termination region may be employed, conveniently the termination region of the RNA 
polymerase binding region* or a different termloa^on region, Various termination regions are available and 
the ctioice Is primarily one of cx?nven1ence» where prior constructions or DNA sequences may be available 
Conveniently, the opine termination regions may be empioyed, or termination regions from endogenous 
genes, such as the genes which have been described previously 

^5 The various fragments may be joined by linkers, adapters, or the like, or directly where convenient 
restriction sites are available, The DNA sequences, particularly bound to a replication system, may be 
Joined stepwise, where markers present on the replication system may be employed for selection 

The constructions of the subject invention may b© Introduced Into the host cell in a variety of ways Of 
particular Interest is the use of A tumefacie ns, wiUi protoplasts, injured leaves* or other explant tissues. 

50 Other techniques which may find""use include^electroporation with protoplasts, liposome fusion, microinjec- 
tion, or the like The particular method for transfomrting the plant cells is not critical to this Invention 

Any plant may be empbyed in accordance with this invention^ Including angiosperms. gymnosperms, 
monocotyledons, and dicotyledons Plants of Interest include cereals such as wheat, barley, maize, triticaie. 
etc; fruits, sucii as apricots, oranges, grapefruits, apples, pears, avocados, etc; nuts, such as walnuts, 

55 almonds, filberts, pecans, etc ; vegetables, such as carrots, lettuce, tomatoes, celery, turnips, potatoes 
broccoli, asparagus, etc.; woody species, such as poplar, pine, sequoia, cedar, oak, etc; ornamental flow^s; 
or other cash crops such as tobacco, jojoba, rapeseed, Cuphea. soybeans, sunflower, sugar beet, safflowor. 
etc For each species : there will generally be different genes to modulate, so as to change the phenotype of 
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the host 

Aftor the calls have bean transformed, the cells will be regenerated into plants Various techniques exist 
for regenefgifing plants from csfls. Caiti can be developed from tfie cells and the call! induced to form shoots 
which may then be transferee to an apprc^riate nutrient medium in ^oil to regenerate the plant The plants 

5 will then grow and, as apprc^riate, may be crossed with other plants so as to establish the stability of the 
change in phenotype over a nunriber of generalSons. Other techniques may be employed for regenerafmg 
the plants without pollination or fertilization, Because those plant genotypes that can be regenerated from 
culture may not be directly applicable as crop varieties, the transfomned plant may be crossed with 
alternate untransformed Qermplasm in order to transfer the trait to appropriate breeding lines 

fo A wide v^eiy of modifications may be made in numerous types of plants. These modifications may 
include varying the fatty acid distfltHition of a fatty acid source, such as raposeed. Cuphea or jojoba 
delaying the ripenin^j in fruits and vegetables, changing the organotepttc. storage, packaging, picking and/or 
processing properties of fruits and vegetables, delaying the flowering or senescing of cut flowers for 
bouquets, reducing the amount of one or more substances in the plant, such as caWeine, theophyllino 

f5 nicotine altering flower color, enh^clng disease resistance, or engineering viral disease resistance in 
plantS: 

For changing the fatty acid distribution, target species could be coconut and palm trees, Cuphea 
species, rapeseed, or the like The target genes of particular interest could be acetyl transacylase, acyl 
carrier protein, thioesterase, etc 
20 For varying the amount of nicotine, a target species could be tobacco The target gones could be N- 
methylputresctne oxidase or putrescme N-methy! transferase 

For delaying the ripening in fruits, the target species could tomato or avocado. The target genes could 
ba polygalacturonase or cellulase* 

For varying the amount of caffeine, the target species could be coffee {Ooffea arabi ca) The target gene 
26 could be y-methylxanthsne, 3 'methyl transferase 

For varying the amount of iheophylline. the species could be tea (Camellia ainen^s ). The target gene 
could ba i*methylxarithine 3»melhyl transferase. 

For altering flower color the targets could be petunia, roses, carnations, or chrysanthemums, etc The 
target genes couJd b© ch^cone synthase, phenylalanine ammonia lyase, or dehydrokaempferol (flavone) 
w hydroxylases, etc 

For altering lignin content, the targets could be loblolly pine. Douglas fir. poplar, etc. The target genes 
could be cinnamoyl-CoA:NADPH reductase or clnnamoyl alcohol dehydrogenase, etc 

in general, reducing the activity of one enzyme at a brandi point in a metaboHc pathway could allow 
alteration of the ratios of the products formed.. 
05 For ©nhandng viral disease relstanc© in plants, target virus/plant combinations would be tobacco 
mosaic virus in tobacco or tomato, beet necrotic yellow vein virus, the causal agent of Rhlzomania in sugar 
beets, various strawberry viruses In strawberries or almost any other combination. Expression of anti- sense 
viral RNA in the plant cell could reduce viral infection or inhibit proliferation 

The transcription construct will usually be joined to a replication system, particularly a baclorial 
40 replication system, for manipulation and cloning during its construction. The replication systan^ can be any 
convenient replication system, partlcufarly one ^at is functional in E. coii* and one or more markers may ba 
present for detecting transformed bacteria 

Where A tumefaclens or A, rhizogenes is employed for transferring the ONA. the construction will also 
be joined to'af least oniTT-DNA "border Thus, the consU^uction will include one T-DNA border, particularly 
45 the right T-DNA border, or may be sandwiched between the left and right T-DNA borders 

Various techniques exist for transferring the construct employing the Ti- or Rl-plasmid as the means for 
the transfer. These technkjues include providing for a plasmid which is capable of replication in Agrobac- 
terium, where the construct in T-DNA becomes integrated into the Ti- or Ri-plasmrd by recombination. 
/StelTTatively, binary vectors may be employed, where the Ty or Rl-plasmid In the Agrobacterium may or 
60 may not have a T-DNA region homologous with the T-ONA of the construct In either event, so long as the 
vir genes are present on the endogenous plasmid, the T-DNA can be transferred successfully to the plant. 

By having a marker as part of the expression construct, particularly antibiotic resistance, such as 
kanamydn resistance, hygromycin resistance, gentamicin resistartce. bleomycin resistance, etc , one can 
select for those plant cells which have retained the construct in functional form. Where binary vectors are 
ss being employed and where the T-DNA in the Ti- or Ri-p!asmid of the Agrobacterium retains the oncogenes, 
one will select for morphologicaily normal ceils, which tack oncogenic expression 

Where eleclroporation or microinjection Is employed, there need be no concern about gall formation 
and one expects that the morphology of the resulting plants would be normal, except for the modified 
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phenotype 

An example of the of an antl-sanse strand i$ the regulated modulation of the expression of 
polygaiacturonase (PG) \r\ tomatoes. The ability to reduce the producUon of polygalacturonase could have a 
positive effect on the soJids content of the tomato plant and rmprove tomato processing. 
6 To cor^trof polygalacturonaa© expression \r\ tomato fruit a transcripfion construct is prepared having the 
anthsenss sti^nd of the polygalacturonase gsne transw-ibed The entire gene Including flankir^g regions 
need not be employed, convenientiy cDNA or a fragment thereof may be emptoyed. The fragment will be 
from about 100 to 2000nt more u$ually from 150 to lOOOnt 

The transcription initiation regulatory region is desirably Inducible, rather than constituiyve, particofarly 
7Q being active at the time of fruit breaking (shortly prior to ripening). For this purpose the polygalacturonase 
gene transcriptional initiation region may be employed or a transcriptional Initlatloii region of another gene 
associated mth the development of fruit during ripening, 

The manner of conslmction of the transcription cassette need not be repeated here Once the construct 
has been prepared, it is Introduced into tomato plant cells In accordance with conventional ways, and plants 
ts regenerated from the cells 

The following examples are offered by way of illusfa-ation and not by way of limitation. 

EXPERIMEN TAL 

so 

AroA Anti-'Sonse 



2S 



30 



Materials and Methods 



T4 iigase was from ProMega Biotech Restriction enzymes, Klenow polymerase fragment and Bal31 
were from Bethesda Research Laboratories (BRL) 

Construction of the octopine cassette, pCQ N451 



The ocs5*-ocs3* cassette, was Insarlad into a derivative of pUC8 (VI eira and Messing, Gene (1982) 
19:259^268); wheFo a Xhoi linker (CCTCGAGG) was inserted at the Hindi site and the Eco Ri site removed 
by filling in with the Klinow fragment of DNA polymerase. The octopine synthetase cassette was prepared 
by linking the Xhol (15208} - BamHI (13774) fragment from the octopine Ti-p!asmid pTiA6 (Currier and 
36 Naster (1976) j'~Baot ^2B^sr ^S§; Thomashow et al. Cell (1980) 19:729-739) containing the T DNA border 
to "mF cut-down BamHI (13774) to EcoRi (llni<er) "fragment (the numbering Is by Barker, et a|, Plant Uo\ 
Biol (1983) 2:335^50, for the ctoselyTelated H-piasmid pTi1S9S6).. The cut-down BamHI-EcoRI fragment 
was obtained~by digesting an EcoRI (13362) to BamHi (13774) subclone of the T-region of pTIAS with Xmn! 
(13S12), followed by resection with 6al31 exor^uciease EcoR I linkers (QGAATT'CC) were addod and EcoRI 
40 to BamHI fragments of approximaleFl30bp gel purified, cloned into Ml3mp9 and sequenced A clone in 
whlcFThe EcoRI linker was insofted at 13642 between Uie transcription initiations point and the translatron 
initiaUan codSii was identified by comparison with the sequence of de Greve et al J. Mol. AppI Genet. 
(1982) 1:499-512 . 

The EcoRI cieavago site was at position 13539, downstream from the mRNA start site, fhe Sma\ site at 
J5 11207 w¥s^converted to a Xhot site using oligonucleotide linkers (CCTCGAGG) and the 3^ end of the 
octopine gen© from the EcoRr(12a23) to the converted >(ho} site added to the cassette The resulting 
expression cassette havinTthe octopine synthetase S'-region (15208-13639) and 3'-region {12823'^11207) 
was then Inserted into the JOTtol site of the modrfied pUCS to provide pCGN451 

so Construction of the aroA Sen^/Antl-Sense Binary Plasmid . 

PPMG38 {Comal et al Nature (1985) 317:741-744) was digested with BamHI to provide a fragment 
containing the i?SAgeneTnucleotides 13'77.2704; Stalker et al. J Biol.. Chem (1985) ^^^^^^^t^^f^^^^ 
was inserted inT5^the BamHI site of the mas5'-ocs3^^etta. pCGN46 ( Comal et at. Nature (1986) 31?:741.. 
55 744) in the anti-sensel^mus ortontation) wHh respect to the mas promoter to provide pCGN964b 

The same aroA gene as described above, as an EcoRI ffagment from pPiWG38. was inserted mto 
PCGN451 in the octopine cassette, after dcgestron of pCGN451 with EcoRt resulting in plasmid pPMG45 
(ocs-aro A) 
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pCGN525 resulted from combining lh6 large HindiU-BamHi fragment of pACyi84 ( Chang and Cohan J. 
Bact. <1078) 134:1141-1156} with the Htndill-BamHl fragment of the bacteria! kanamycin resistance gene 
from Tn§ ( Jorgensen et a|. Molec Gin" Gen©ra979> I77:a5"72} The Xhol fragment of pPMe45 was 
inserted into the Sail ^te of pGGN525 to provide pCGN963 The HlndHi site of pCON963 was replaced with 
s a "Xhol linker (CCfCGAeG) and the XhoJ fragment from pCGN964 containing the mas-anir sense aroA 
conitmct was inserted into this new XHoTiite. This plasmid. containing both the sense and anti-sens© aroA 
genes. Is pCGN96S 

P0GN978, a binary vector, was constructed by ligating pCGN965 and pRK290 ( Pitta et a} Proc Natl 
AcBd, Set USA {1980) 77:7347-7361) after digesifon with BgiH 

Ck)n$truction of pPMG5 4. An aroA Sense Piasmld 

The aroA gen© as a Xhoi fragment from pPMG4S was inserted into pCGN517 digested with Sail to 
provide pPli?1G54. pCGN517ls prepared from pHC79 ( Hohn and CQnin 3. Gene (1980) 11:291-298) with the 
IS kar^amycin resistance gene of Tn903 from pUCSK ( Vleira and Messing, "^ene (1902) 19^59 268) inserted at 
the Pstl site. 

Mating to Agrofoacterium tumefaciens and Gall For mation . 

20 pCGN978 and pPMG54 were each plate mated with A tu mefaciens strain K12 (strain K12 was 
generated by transforming pTiA6 inio strain A114 {NT1)j ( Sciaky et al P!asm?d (1978) 1^:238 253} and 
pRK2073 {Lsong et al J= Biot. Ghem (1982) 25 7:8724 "8730) The plate- mating protocol is described by 
Com^ et al Plasmid (1983) |0:21-"30. Agrobactertum carrying pCGN9788 was selected on AS plates 
pNlBn^tll Proc Natl Acad Sal USA (1974) 71:3672-3676) plus 200ag/ml streptomycin and SOug/ml 

55 kanafnycln and the presence of pCGN978 confirmed by Southern analysis Recombinants with pPMG54 
integrated into the T -DNA of K12 were selected on A8 plates plus lO0Mg/ml kanamycin and confirmed by 
Southern analysis 

Galls were induced on 3- to 4-month-old Kalanchoe plants by wounding (eaves with toothpicks dipped 
in a soiution of pCGN978xK12 and pPMBS4xK12 (about lO^ bacteria/mt m MG/L broth (G^inkel and 

30 Nester. J Bacteriol (19SD) 194:732-743) GaH material was harvested from four plants for each construct 
after four weeks and frozen 'ar-70*C until use The gall malerlai was randomized for each construct and 
analysed for aroA protein by Western analysis 

The Western analysis was performed as follows: 
2 3g of pPMB64xK12 ^ 3.Qg of pCGN978xK12 gall tissue were ground in liquid nitrogen 0 3g/g tissue of 

3$ poiyvinylpyrrolidcHne was added The tissue was suspended in 1.5ml/g tissue of 0 tM sodium citrate, pH 5,6. 
lOmM EDTA. 0J5M NaCL 0 05% Nonidet P-40. 25mg/mf bovine serum albumin (BSA). ImM dithiolhreitoi, 
ImM phenylmethylsulfonyl ftouride (PfwiSF), lOum leupeptin (Sigma) and lOmM thiourea The homogenate 
was centrrfuged at 15,000g for 15min at 4'C 25ul of antiserum, propard by injecting purified 3- 
enolpyruvylshikimate phosphate (EPSP) synthase into rabbits and ^2m\ 10% (w/v) susperisiori of S aureu s 

40 (Calbiochem) wore gujded to each supernatant and incubated with agitation for lh at room temperature 

Samples were then c^trlfug^ (5000^q< 6mln) and the peilet washed twice with SOmM Tris. pH 7 5 
1mM EDTA, 0,5M NaCI and 0.05% Nonidet P-40 The resylting pelfets were suspended in lOOul 0125M 
Tris. pH 68. 4% SDS, 20% glycerol and 10% 2 merc^toethanol and heated for 2min at 90* C The entire 
sample was then etectrophoresed on a 10% acrylamide gel. The resolved peptides were transferred to 

45 nitrocenuioso (BA85, Schleic her and Schuell j as described by Burnette Anal. Biochem (1981) 112:195-203) 
at 100V for 3hr in a Hoefer TE42 transfer unit. Nitrocellulose filters were then incubated in BLOTTO {20mfvi 
Tris, pH 7.5. 5% dehydrated sWm milk, 0 5M NaCI. 0.1% antJ-foam A, lOmM Na Azide) for Ihr at room 
temperature, followed by an overnight incubation al 4'C in BLOTTO containing a 1:50 cftlution of anti-EPSP 
synthase seaim. Filters were washed for 10min in 20mM Tris, pH 7 5. ISOmfwl NaCI, for 20mirt fn the same 

50 buffer containing 0,05% Tween-20 and for another lOmin in buffer without detergent BLOTTO containing 
1Q^cpm/ml of ^^*1"labeled protein A (9uCi/mg: NEN) was then added to filters and incubated at room 
temperature for 2hr The filters were washed overnight in SOmM Tris, pH 7.5. 1M NaCI and 0 4% lauryi 
sarcosine and then washed for 3hr at room temperature in SOmM Tris, pH 7,5, 5mM EDTA, ISOmM NaCl. 
0 5% Triton X-lOO. and 01% SOS After rmsing and drying, flilws were exposed to Kodak XAR X-ray film 

55 at -70' C using a DuPont Lightning Plus intenstfymg screen 

The pCGN978 containing gall showed only 10-20% of the activity of the control pPMQ54 galls Earlier 
comparisons of the expression of aroA in the binary system versus the integrated system showed that the 
binary system is only 70-80% as efflcient as the integrated system Therefore, an overall decrease in aroA 
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activity of 60% is observed where the anti-sense construct is also present. 
Expafimentat for Electropoi atlon Experiments Pfasmid Contructions. 
s The anti*sense 

5 * maa'afoA --3 ^ oos 



70 construct, pCGN064b, was constructect as described afoova. The sense 

5*mas-aroA-3 'ocs 



76 construct pGGNS64a, was obtained from the same Irgation. with the sense orientation being selected 



Plant material 

Protoplast donor plants of Nicotiana tabacum cv Xanthl were grown In glass Jars under aseptic 

20 conditions as deiscribed elsewhere (FacciotI and Pilot, 1979) Apical shoots wore placed in 100ml of agar 
medium (Murasahige and Skoog (MS) medium) containing 0 7% Qibco Phytagar. 30g^ sucrose,^ 1 Omg/i 
lAA and 0 15mg/l Kinetin. adjusted to pH 5 55 prior to autoclaving> The cultures were Kept at 23±2 C under 
a I2hr dark/Hght regime 

T he following steps were performed under aseptic conditions with sterile soiulions. 

$s Young leaves were removed from 4^-5 week old plants during the dark portion of the cycie The mafn 
voins ware discarded, and the remaining leaf tissue was cut once iongltudinaily These leaf sections were 
inflftrated (to 200 militorr) with a 6% sorbitol solution contamrng 0 4% pectlnase (Fectoiyase Y-23. Selshln 
Pbafmaceutlcal Co. Ltd , Japan) and 0 6% cellulasa (Ono^euka RS, Yakult Pharmaceutical Industry Co Ltd . 
Japan) After ^--Shr tncubatlon. the macerate was gently pipetted to release protoplasts and passed through 

30 a S2U nylon filter The protoplasts were pelleted by centrifugation at 50xg, and washed twrce with 7% 
sorbitol solution Protoplast density was determined by use of a hemacytometer (using a 1mm, 9 square 
grid, the average of the squares counted multiplied by 10* yields an estimate of the total number of 
protoplasts per ml) Based on the calculated density, protoplasts were suspended at a final density of 2 2- 
3.0 million per ml in buffer {buffer containing: 10mM Hepes pH 7 1, l4DmM NaCL SmM CaCi^ and 6% 

35 sorbite!) 



Electroporation 



40 



46 



5Q 



55 



Protoplasts suspended in buffer were divided Into 1ml aJIquots To each aliquot 1mg of carrier DNA (in 
the form of herring sperm DNA) was added Following the addition of carrier DNA, plasmid DNA was added 
in the desired concentrations. The proloplast/DNA mixture was incubated for Smin prior to electmporatlon 
and subsequently transferred to iml aluminum foil lined piastfc cuvettes for electroporation The elec- 
troporation pulse was delivered by a 1260uF capacitor charged to 160 volts "The puise duration was 
measured through the buffer solution, devoid of protoplasts, and found to be 40msec. FoHowmg elec- 
troporation the protoplasts were incubated for lOmln at room temperature in the cuvette, and subsequently 
transferred to Petri plates, diluted with 10ml of pratoplast culture media (MS salts containing 0 Smg/I NAA. 
0 2mQ/1 2.4-0, 0 8mg/1 Kinetin. 55% sorbitol and 30g/I sucrose) and cultured at 23±2 C in complete 
darkness After 48 SOhr the protoplasts were harvested by gentle centrifugation (50xg for Bm^in). he 
supernatant removed and protoplasts frozen in liquid nitrogen and stored at -70 C At a later date the 
fro^^n protoplast pellet was suspended in 1ml of extraction buffer for Western analysis ^^^^f""^^^^^^ 
Citrate lOmM EDTA. 160mM NaCI, 0.05% Nonidet, 25mo/ml BSA, imM PMSF, lOmM DTT, lOmM 
thiourea, lOuM teupeptin). 0 05g/mi polyvinytpyrrodidone (PolyClarAT, BDH) was ^^^f^J^^^^^;;^ 
ground for 30sec in a Polytron homogenizer The supernatant was collected and Western analysis 
performed as described above 

Experiments 

Experimental treatments utilized pCGN964a and pCGN964b (see section on Plasmid construction for 
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1Q 



detaiis o( each construct}. !n each experiment treatments containing both 964a and 964b were compared to 



treatm^ts containing 9B4a or 964b alone; 

50u 96^3 

50v 964a 

50ti 964a 
Ou 964a 



Ou 964b 
10y 964b 
25u 964b 
50u 964b 
100y 964b 
50y 964b 



In a(l cases (he addition of the anti-senso DNA (964b) reduced the protain level detected by Wostarn 
;5 analysis (compared to levels obtamed with 964a atone). The reduction in tevel averaged 50% No protein 
was detected in 964b alone, as expected. 

Example 2: 

20 Polygalacturonase Anti-sense Con str uct 
BacterJai Strains 



35 



Table I. Bacterial Strains 



35 



40 



Escherichia Coll 
Designation 

7118 



no88 

Y1090 
C21 10 



Phenotyt)e 
Alac 

Alon 
polA 



Origin/Referen ce 

Vleira an d Hesslng 
Gene {l^iii) ^jl::>55-258 

Young and Davis 
PNAS USA 
8 0^:1194-1198 

Stalker et al. 

PNAS"lj5A~riW3) 

80:5500-5504 



Enzymes and Radioisotopes 

4S 

All enzymes were obtained from commercial sotjrces and used according to the manufacturer's 
suggestions RadiCHSOlopes were obtained from New England Nuclear. 

isolatio n of poly(A) + RNA 

Ripe fruit of tomato cv.. CaliOrande was harvested and frozen in liquid Frozen tissue was ground In 
a mortar and pestle in liquid N2. and the resulting powder was extracted by homogenizalion with a 
arinkman potytron in buffer described by Facciottt et af. Biotechnology (1985) 3:241-246. Total RNA was 
prepared as described by Colbert et aJ. Proc Natl. Ac^ $ci. USA (1983) 80:2248-2252 
ss Pofy saccharides were precipitated from tota( RNA preparations with 40mM sodium acetate and 0 6 vol 
ethanol (Mansson et al (1985) Mol. Gen Genet (1985) 200:356^361 Poiy(A) + RNA was isolated as de- 
scribed by Maniatls'etii. (1982) Molecular Cloning: A Laboratory Manual, Cold Spring Harbor. New York 
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Synthesis of cDNA from poly(A) +■ RNA was performed as described by Gublor and Hoffman, Gene 
(1983) 25:263-269 with the foltawing modifications: The reaction mixture for synthesis of the first strand 
5 fncludedlmM dGTP, imM dATP. ImM TIP, 0 5mM dCTP, 0 5 unit/Ml RNasin (Promega), 4ixg of tomato 
poly (A) + RNA. and 8O10Q unils of reverse transcriptase (life Sciertces). The reaction was stopped with 2ul 
of 500mM EDTA, then precipftated mih lOug tRNA. 1 vol 4M NH*OAc, and 2 5 vol of ethanoi overnight on 
dry ice 

Second strand synthetsis was performed from approxlmataiy 600ng of the first strand reaction product 
w Attquots of the first and second $trand reaction mixtures were radiolabeled separately with 2QuCi of - 
^2P] dCTP to monitor each reactlc^i Independently- 



Cloning of Double-Stranded cDNA In Agtll 

IS The double-stranded cDNA was EcoRI mefhytated as described by the manufacturer (New England 
Biolabs). After ethanoi precipitation . the cDNA ends were blunted using 3 units of the Klanow fragment of 
DNA polymerase i (Bethesda Research Laboratories) tte following conditions: 66mM Tris-HCi pH 7 6, 
20mm ^QOmt^ dithiothreltol. lOOuM dGTP. dATP, FTP, and dCTP at room temperature for t hr The 

DNA was then ethanoi precipitated After blunting. 2ug of EcoRI phosphorylated linkers were added to the 

20 cDNA In tOixl of Hgase buffer (50mM Tris, pH 75, 10mM MgCl2. 20mM ditfiiothreltol. 1mM ATP, and 
6mg/ml bovine serum albumin) T* DNA ligase {1 Weiss unit. Weiss, J Biochem, {1968) 243:4543. 
Promega) was added and Incubated for 6 hr at 15' C An additional Weiss unit of DNA llgase in I0ul of 
ligase buffer was then add&d and incubated for 24 hr at 15-19* C The reaction was phenol extracted, 
ethanoi precipitated and digested with tOO units EcoRI (New &gland Biolabs) for B-B hrs, phenol extracted 

?.5 and ethanoi precipitated Excess linkers and cDNA few^ than 500 base pairs were removed by ohromatog'- 
raphy on Bio-gel A-50m (100-200 mesh) and the si^ed cDNA was ligated to acoBI-cleaved Kgtll vector 
DNA (Statagene) as described by Huynh el at. iri DNA Cloning: A Practical Approach, ed D M Glover, pp 
49-78. IRl, Press. Oxford. Er^iand. 1985." 

In vitro packaging reactions were performed with Giga-pack extracts (Stratagena) as described by the 

30 vendorlnitia! test ligations and In vifcro packaging were done using various dilutions of cDNA to empirically 
determine the optimal ration of cDNA/vector for production of recombinant phage Tho packaged Xgtll 
phage were plated on Coli Y1088 in the presence of fsopropoyl-t^thio-jS-D-gaiactoside (IPTG) and 5- 
bromo-4'Cloro-3-lndolyl ?^D-galactosld© p<"gal) as described by Huynh et al. (1985). supra to determine the 
number of recombinants areater than 5x1 0^ recombinants at a 90% insertion rate was obtained in XgtH., 

36 

Library Screening 

Approximately 200,000 phage from m unampllfied Xglll library were screened at a density of 20.000 
plaques-forming units per 9cm square plate using E, coli Y1090 as the host as described by Huynh et al 

40 (1985). except ttiat N2Y media {per liter: 5g Nad, 2g MgCls, I0g NZamlne type A {Sheffield Products). 6g 
yeast extract and 15g agar) was used Plates were incubated and overlaid with nitroceiiuiose sheets 
containing IPTG as described by Huynh et al. (19S6)> supra The nitrocellulose sheets were saturated with 
0 Tris pH 8 0, 0 15M NaCI, 0,02% NaNg, 0.1% Triton X-100 and 5% non-fat dry mWK then incubated 30 
mtn at room temperature with the same buffer containing antipofygalacturonaseS antibody (see beiow) 

45 diluted 1:1000, Bound antibody was detected with an alkaline phosphatase-conjugated second antibody 
(Promega) as described by the vendor. Positive plaques were purified by successive plating and phage 
DNA was prepared as described ( Manlatis et a! (1982). 

Subcfonin g and Sequencing of cDNA Insert P I 

Phage DNA from positive plaque P1 was digested with EcoRI and the resulting fragment was subcbned 
in EcoRi-digested vector M13 8iue Scribe Minus (Stratagene) by in vitro ligation, tnitiai DNA sequencing 
wasperformed using single-stranded template from the Blue Scribe construct prepared as described by the 
manufacturer All DNA ^quencing was performed as described by Sanger et al.. Proc NaU Acad. Sci USA 
55 (1977) 74:5463 or Maxam and Gilbert. Methods Enzymof (1980) 85:499-580. Overlapping sequences were 
obtained"by subclof^n^TP^^^J^^d BamHI- EcoRI. HinDHI-EcoRi. and BamHI-HinDH! fragments (Maniatis et al , 
supra) from the Blue Scribe con^ct into M13mipl8 ( Yanisch-Perron et al Gene <1985) 53:103-119) and 
MT3mp19 (Norrander et al, Gene (1983) 26:101-106) 
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Polygalac turonaga F^iriffcatl on for Protein Sequencin g 

Total can wall bound proteins were prepared from ripe fruii of cv, CafiOrand© described by Qrookeg 
and Gfierson, Plant Physlof. (1983) 72:1088-1093, The extract was dialyzed against 0.D25M elhanolsmm©, 

s pH 9.4. and applied to a 9 x SOOmm column of chromatofocusing exchanger PBE 94 (Pharmacia) 
equilibrated with 0 025M ©thanolamine. pH 94 Bound proteins were eluted with Polybuffer 96 pH 8 0 
(Pharmacia), Fractions containing polygalacturonase wer© pooled and precipitated with ammonium sulphate 
(90% saturation) and further fractionatsd by chromatography over a hydroxyapatlts (HAPT) HPL.C column 
Two m! volumos were layered onto the column and chromatographed at 1 ml/min using a linear gradient 

70 extending from lOmM to 350mM sodium phosphate, pH SB Sj^ples were monitored at Az^o and 
fractionated into 0,5ml volumes Fractions collected from numeroust nuns which contained polygalecturonase 
were pooled and dialyxed against 6% acetic acfd, then iyc^hiiized 

Protein Sequ en cing 

75 

Polygaiacturonas© prepared as described above was sequenced intact with a Beckman 890 M liquid 
Phase Ammo Acid Sequencer. The toflowing N-terminal sequence was obtained: Gly-ilo-Jys-val-iie-asn 

Poly gaiacturon ase Purifrcatlon for Antibody Production 

20 

Tomato cell wall bound proteins were prepared from ripe fruit of cv. UC82B as described by Tucker ar )d 
Grierson, Plants (1982) iSS:64"67 The pellet from ammonium sulphate precipitation was dissolved in 
iSCimM NaCI and then dialzyod overntght against the same buffer, 

Ttie protein solution was then fractionated cm a TSK 3000/2000 HPLO sizing column using an isocratic 

2S gradient containing lOmM NaCI and lOmM Tris pH 7 2 at a flow rate of 0 5 ml/min 

TSK fractions cont^nrng polygalacturonase activity ( Reisfefd et ^ Nature (1952) 195:281-283) wor^ 
pooled and and further fractionated over an hydroxyapatite HPLC column using a linear gradient of lOmM- 
3^mM sodium phosphato, pH 6,8 and a flow rate of 1 ml/min The peak containing poigalacturonase 
activity was collected and used to Inject rabbits for antibody production 

30 Polygalacturonase for booster Injections was prepared by resolving the cell wail bound protein 
preparation on SDS polyacrylamide gels The material precipitated with ammonium sulphate {see above) 
was efectrophoresad on 3mm thick and 14mm wide gels containing 12 5% poJyacrylamlde (Laemmli. 
Nature (1970) 227:680-685) and proteins were visualized by staining with Coomassle Brilliant Blue R The 
region corresponding to the polygalacturonase bands (approximately 40.000 ■■■ 43,000 daltons) was excised 

35 frozen, and ground with liquid Hz 

A ntibod y Preparation 

One rabbit was given 4 injections of polygalacturonase (l2Sug injection) over a one month period The 

40 same rabbit was then given a booster injection of polygaiacturonase {approximately ISOag) recovered from 
SDS poly aery lamlde qeiu An identical booster injection was again given one week after the first. The animal 
was exsanguinated 2 weeks later as a source of serum 

Six ml of the crude ^erum were diluted with 6ml of O IM sodium phosphate. pH 7.0, and applied to a 
6mj column of Protein A-Sepharo$e (Sigma) The column was washed with 80ml of DIM sodium 

4S phosphate, pH 70, and the IgG fraction was then eluted with O IM glycine, pH 3 0 Fractions with the 
highest A280 were pooled* dialyzad against 20mM sodium phosphate pH 76, tSOmM NaCI and con 
centratdd en an Amicon XM80 membrane, Glycerol was then added to a final concenfration of 40% 

Affinity purified antiserum was prep^ai by incubating the IgG fraction with polygalacturonase linked to 
a Tresacry! (Pharamacia) affinity chromatography matrix as described by the vendor Polygalacturonase 

50 purified for protein sequencing was linked to 4mr of Tresacryi resin as described by the manufacturer Five 
ml of IgG prepared as described above was diluted to 50ml wItt] 0.01 M Tris pH 7 5. ISQmM NaCI and 0.1% 
Tween-20 (TBST) and incubated with the resin overnight at 4'C The resin was then washed with TBST 
and eluted with 0,2M glycine, pH 2 75. Fractions wHh A280 were pooled and diaiyzed against lOmM Tris pH 
8,0, 150mM NaCI The final volume of purified antibody was 12ml representing a 1:2 dilution of the original 

55 serum 

RESULTS 
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Identification of Pofygafacturon^ cDNAs 



Twelve putafive polygalacturonase clones were iden^'fied from the Xgtll library by reactfon with the 
antibody preparation described above Using inserts purified from two of the clones as probes, Northern 

5 analyses demonstrated that one cion© (03) encoded mRNA expressed durmg tomato devslopnnent in the 
manner and size expects for polygalacturonase imRNA 

To identify additional putative cDNA clones encoding polygalacturon^ep phage DNA was prepared from 
tho remaining 10 clones, digested wftti gcoR! and HlfKilH. and subjected to Southern biot hybridization 
analysis (Maniatis et al , supra) using clone" C3 Insert as a probe An addrtional cDNA clone (P1) cross- 

to hybridized to ^ and was further characterized to provide sequences for antl- sense expression The Identity 
of PI as a polygalacturonase cDNA clone was confirmed by comparison of the amino acid sequence 
predicted from the DNA sequence to the actual poiygatacturonase protein sequence. The clone encodes a 
portion of Oi© polyg^acturonase gene beginning approximately at the M-tsm^intis of the mature polygalac- 
Uironase polypeptide and extendfng to the cart>oxy terminus including the 3' untranslated region 

ConstruciBon of the Anti-s anse Poly gaiactiir onase B i nary Plasmid 

Phage P1 DNA was digested with EcoRI and me cDNA Insert was llgated In EcoRf -digested Ml 3 Blue 
Scribe Minus (Stratageno) to yield pCGN1401 

20 pCGNl40l was digested with BamHi and EcoRi to provide a 219 bp fragment (Fig 1) whfch includes 7 
bases (6AATTC0) of the EcoRI linker. 2 bases of the polygalacturonase leader sequence (AT), the triplet 
encoding the N- terminal amino acid of the mature polygalacturonase protein (GQG) and 210 additional 
bases to the 8amHI site. This fragment was Inserted in the unique BamHI-EcoRl site of the ma3S ^-ocs3^ 
cassette. pOG?H6 (Comai et al Nature (1983) 317:741- 744). This resulted in insertion of the fragment in the 

?r> anti-sense (minus orientarion) to the mas promoter to yiefd pGQN1402, 

pCGNl402 was then digested with the restriction enzyme Xhoi and cloned Into the unique Sail site of 
the binary plasmid pCGN783 containing a plant kanamydn resistance marker between the left and right 
borders. This results In pCGNT403 This plasmid in E, coli C2110 was conjugated into Agrobacte rium 
tumefactens containing a disarmed Ti plasmfd capable of transferring the polygalacturonase anti-sense 

30 cassette and the kanamycin resistance cassette Into the plant host genome. 

The Agrobacterium system which Is employed is A. lumefaciens PC2760 (G. Poms et al Plasmid 
(1982) 9t"ff^'Nitijre^^ 303: 179*181 ; European Patent Application 84-200239.6. 2424183) 

Const ruction of pCGN783 

.IS 

pCGN783 Is a binary pfasmid containing the left and right T-DNA borders of Agrobactrium tumefaciens 
octoplne Ti^plasmid pTiA6 ( Currier and Hester (1976) supra) the ^ntamyctn resistance gene of pPHIJi 

(Hirsch et ai Plasmid (1984) 12:139-141), the 35S promoter of cauliflower mosaic vims (CaMV) (Gar^vor ot 
af^ N^^^ Res (1901)^:1871-1880); the kanamycin resistance gene of Tn5 (Jorgensen > Mof. Gen, 

40 (1979) 177:6S); and the 3' region from transcript 7 of pTiAS (Cu rrfer an d Nester (1976), supra). The 
constriictioh of pCGN7a3 is outlined in Rg 2 



Co nstruction of pCQ N739 (Binary Vector) 

^6 To obtain the gentamrcin resistance marker, the resistance gene was Isolated from a 3 1kb gcoRI-Psti 
fragment of pPHiJI (Hirsch et al. 1984, supra) and cloned Into pUC9 (VIerra et al, Gene (1982) 19:259*268) 
yielding pGQN549 ^ 

The PGQN649 HfndHI*aamHi fragment containing the gentamicfn resistance gene replaced the HmdHt- 
Bglll fragment of pCGN587 (for construction* see infra) creating pC6N594, 

^0 ~ The pCGN594 HindllKBamHI region which contains an ocs-kanamycin-ocs fragment was replaced with 
the Hindlli-BsmHI pH^ItnkeTregion from pUCIB ( Yanisch-Perron ^ 19SS, supra ) to make pCGN739. 

Construction of 726c (1ATG-Kanamycln-3' region) 

pCGN566 contains the EcoRUHIndlll linker of pUC18 (Vanisch-Pen-on . ibid) inserted into the EcoRi- 
Hindin sites of pUC13'Cm (KTBuckl^y. Ph D. thesis, UC-San Diego. 198S) Vn& Htndlll-BglH fragment of 
^W31c-8. 29-1 ( Thomash owgt al . (1980) Ceil 19:729) containing ORF1 and 2 (Barker et al. (1983), supra) 
was subcloned into the Hindni-BamHI sites of pCGN566 producing pCQN703 
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The Sau3A fragment of pCGN703 contamlng the 3' rogion of transca^lpt 7 from pTiA6 (corresponding to 
bases 2395^2920 of p"ni5955 (Barker et ai (1983), supra) was subcfoned into the BarnHI $ite of pUCIB 
( Yanlgch-Parron @t al. (1906), supra ) producing pCGN709 

TRe EcoBI-Smai polylfnker region of pCGN709 was replaced with the EcoF^f- Sma l fragnnent from 
pCGN5S7~(for productron see Infra) which cc^lalns the kanamnycln resf^ance gone (APH3'li) producing 
PCGN726 

The EcoRi -Sair fragment of pCGN728 plus the SglM fcoRI fragment of pGGN734 ai-^ inserted into the 
e^HUSilTsiteinof pUCa-pUCI 3- cm (chloramphenlcal resistant, K, Buckley , PhD Thesis. UC-San DieQO. 
19^) pToducfng pCGN738 To constriict pGQN734, the HJndlll^Sphf fragment of pTiA6 corresponding to 
foa$os 3390-3241 (B^er et al. (1983), supra) was cloned into the Hindlll-Sphl site of M13mp19 ( Norran der 
et al <1983). aupra) Using an oligo nucleotide corresponding to bases 3287 to 3300, DNA syr^thosts was 
primed from thSs'tempiate. Following S1 nuclease treatment and HkndlW digestion, the resulting fragment 
was cloned into the HindlU-Smai site of pUCia {Yanlseh>Perron et"^, (1986), supra) The resulting JEcoRI- 
Hindlll fragment corrGSpondfng to bases 3287-3390 ( Barker et al. (1983), supra ) was cloned with the EcoRI 
lo'Hindill fragment of pIlAB (corresponding to bases 3390-4494) into the EcoR i site of pUCB (Vleirajnd 
MeisFn g (1982). supra ) resulting in pCGN734. pCGN726c Is derived from pCGN738 by deleting thslrOObp 
EcoRi-lcoRI fragment 

Ck)nslructlon of pCGN786c (35s promoter - 3* region) 

The HlndH!*BamHI fragment of pCGN167 (for construction see infra ) confining tho CaMV 35S pro- 
moter, lATG"'kariimycin gene and the Bam HI fragment 19 of pT1A6 was cloned Into the BajTiHt-H[ndlll sim 
of pUCie ( Norrander et al (1983). supra; Yanlsch Perron et al . (1985), supra) craatfng pCGN976. 

The 3SS promoter and 3* region from transcript 7 was developed by inserting a 0 7kb HindlH- Eco RI 
fragment of pCQN97a {35S promoter) and the O.Skb EcoRi-Sati fragment of pC6N709 {transcript 7:3' for 
construction, see supra) Into the hfindlll-Sall sites of pC"5N566 creating pCaN766c 

Flr^l Construction of pCGN783 

The 0 7kb Hindill HcoBi fragment of pCQN760c (CaMV- 35S promoter) was ligated to the l 5kb EcoRl- 
Sal! fragment oTpCGN^Sc {1- AT6 'KAN-3' region) Into the Hindill-Sa!! sites of pUCl19 ( J. Vielra > Rutgers 
University, N., J,) to produce pCGN778 

The 2 2kb region of pCGN77a ll^^^^^^^-^^^ fragment containing the CaMV 35S promoter (1-ATG-KAN-3' 
i-egion) replaced the Hindlil-Sall polylinker region of pCer^739 to produce pCGN783 

pCGN587 was prepared as follows: The Hindi! hSmal fragment of 1n5 containing the entire structural 
gene for APH3'II ( Jorgenien 'et" aT'TO Gert."(f979)~177:6S}, was cloned into pUC8 ( Vieira and Mess ing, 
Gene (1982). 19:259), converting the fragment Into a HindMi-ScoRI fragment since there is an EcoRt site 
immediately adTacent to the Smaf site,, The Pstl-EcoBi fragment containing the S'-portion of the APH3Mi 
gene was then combined with an EcoBi-8amHI-8ait-Psti linker into the EcoHl site of pUC7 (pCGN546W) 
Since this construct doe$ not confer kar^amycin resistance, kanamycin resistance was obtained by inserting 
the BgllUPslI fragment of the APH3'li gene into the BamHI-Pstl site {pCGN54eX) This procedure reassem- 
blesThe APHSni gene, so that EcoRl sites f(ank the gene. An ATG codon was upstream from and out of 
reading frame with the ATG Initiation codon of APH3'H The undesired ATG was avoided by inserting a 
Sau3A-Pstl fragment from the 5* -end of APH3'li» which fragment lacks the sup^luous ATG, Into the BamHI- 
Pitf $ite"of pCGN646W to provide plasmid pCGN550. The EcoRI fragment of pGGN550 containing" the 
APH3'1I gene was the then cloned into the EcoRI sit© of pUCa-pUC13 (K, Buckle y (1985), supra ) to give 
pCGNSSI 

Each of the EcoRI fragments containing the APm'W gene was then cloned Into the unique EcoRI site of 
pCGN45l, whiclTcontains an octopine synthase cassette for e)cpression. (as described in Example 1) to 
provide pCGN548 (2ATG) and pCGN552 (1ATG) "Hie plasmid pCGN451 having the ocs 5' and the ocs 3' in 
the proper orientation was digested with EcoRI and the EcoRI fragment from pCGN551 containing the intact 
kanamycin resistance gene inserted into the Eco RI site to provide pCGNS62 having the kanamycin 
resistance gene in the proper orientation 

This ocs/KAN gene was used to provide a se!ectable marker for the trans type binary vector pCGN587 
The 5' portion of the engineered octopine synthase promoter cassette consists of pTlAS DNA from the 
Xhoi at bp 1520&-13644 ( Barker et a!, (1983), supra ), which also contains the T^DNA boundary sequence 
(bofder) implicated in T-DNA transfer In the plasmid pCQN587, the ocs/KAN gene from pCGN652 provides 
a selectable marker as well the right border The left boundary region was first cloned in M13mp9 as a 
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Hindi)!-Smal piece {pCGN802) (base pairs 602-2212) and recloned as a KpnhEcoRi fragment In pCGN56S 
to provide pCQNS^ pCGiMSSB Is a clonmg vector based on pUC& Cm, but containing pUCia linkers 
pC<3N5ao was linearfeed with Bam Hi and used to replace the smaHer Bgli fragment of pVCK102 (Knauf and 
Noster. P!asrTiid (1982) 8:45), creating pC«3N585 By replacing the smalJer Sail fragment of pGGNSSS with 
^ the Xhol fragment from pCGN552 containing the ocs/KAN gena, pCGN5S7 was"obtained 

To construct pGGN167, the Mil fragment of CaMV (bp 7144-7735) ( Gardner et al Nucl. Acids Res. 
(1981) 9:2871-2888) was obtained by digestion with Alul and doned Into th© Hlncll stta^of M13mp7 {Ymlxa 
G€no (1982) 19:259) to create 0614=. An EcoRI dfgest^of C614 produced the gcoRl fragment from ?5614 
contaming the 35S promoter which was cloned into the EcoRI site of pUCa (Vfeig al Gone (1982) 
to 19:259) to produce pC6Nl46 ~ 

To trim the promoter region, the B^ll sfte (bp 7670) was treated with Bgjir and Bal31 and subsequently 
a Bglli linker was attached to the Bal31 treated DNA to produce pCGN147 

pCGN148a contalnmg a promoter region, selectable m&rker (KAN with 2 ATG's) and 3* rogion was 
proparod by digesting pCQNS28 (see below) wrth BgjPf and inserting the BamfW BglH promoter fragment 
16 from PGGNI47. This fragment wa$ cloned into the Bgil! 3rte of pCGN528 so that the Sglll $ite was proximal 
to the kanamycin geno of pCGNS28 

Tho shuttio vector usod for this construct, pCGN528, was made as foifows, pCGN626 was made by 
digesting a piasmid containing Tn5 which harbors a kanamycin gene (Jorgenson at al Moi. Gen. (1979) 
r77:65) with Hlndill- Bam HI and inserting the HindJIhBamHI fragment containing the kanamycin geno~inlo the 
20 HlndliJ-BamHi sites in the letracycHne gene of pAdYSl84 (Chang 6t Cohen J. BacterioL (1978) 134:1141- 
1156) pCBN526 was made by ins^ng the BamHI fragment 19 m pTiA6" {Thomashow et at C©[) (1980) 
|9:729"739) into the BamHr site of pCQN525. pSQN52a was obtained by deleting the smiTl >0i6r fragment 
n-om pCGNS26 by digesting with Xhol and religating, 

pC6N149a was made by cloning the BamHI kanamycin gene fragment from pMB9KanXX( into the 
25 BamHI site of pCGN 1483. 

'~"pMB9KanXXI is a pUC4K variant (Vietra & Messing . Qeno (1982) 19:259:288) which has the >Oiol site 
missing but contains a ftinctlona! kanamycin gene from Tn903 to alfow for efficient selection in Agrob^ 
terlum 

15CGN149a was digested with Bgljl and Sph i This small Bgltl-Spill fragmont of pCGN149a was replaced 

30 with the Bam HI-Sphl fragment from Mf (see boiow) isolated by" digestion with BamHI and Sphi. This 
produces pCGNl67ra construct containing a full length CaMV promoter, 1AIG- kanamycin gene, 3* end and 
the bacteria! Tn903-type kanamycin gene. Mi Is an EcoRI fragment from pGGN550 (see construction of 
pCGNS87) and was cloned into the Eco Ri cloning site^f M13mp9 in such a way that the PstJ site in the 
lATG-kanamycin gene was proximal to the pofylinkor region of M13mp9. "~ 

ar? It IS evident from the above results that it Is possible to modulate expression of a gene In the genome 
of a plant host by providing for transcription of a sequence complementary to the messenger HHA of a 
gene expressed in the host In this manner, various processes can be modified or controfted, resuftlng in 
enchancement of production of particular products, changes in cellular differentiation and development, 
inhibition of formation of products, changes in phenotype, or the like. 7"he use of the anti-sense control can 

40 provide for substantial inhibition or varying degrees of reduction of expression of a particular product In this 
manner, cellular phenotypes can be modified without the production of extraneous proteins and with 
particular targeting to a specific gone. 

Although the foregoing invention has been described in some detail by way of illustration and example 
for purposes of clarity of uncterstanding* it will be obvious ttiat certain changes and modifications may be 

46 practiced. 

pCGN978xK12 was deposited at the A=T.C C. on 25th Marc^ 19^ and given Accession No 67064 and 
pCGN140l was deposited on 7!h Octcrfser 1986 at the A T C C and glv^ Accession No. 67227 

Claims 

so 

1 . A method for regulating the expression of a gene in a plant cell which comprises: 

integrating into said plant ceil genome a construct comprising a promoter functional in said plant 
ceil a dsDNA sequence having the transcribed strand complementary to RNA endogenous in said coil 
and a termtnatiofi region functional In said cell; 
55 growing said plant cell contaming said integrated construct, whereby said complementary strand is 

transcribed and modulates ^e function of said endogenous RNA In said ceil 

2, A method according to cl^'m h wherein said endogenous RNA is messenger RNA. 
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a A method according to claim 2. wfierein modulation of said function results in m altered phenotypic 
trait. 

4,. A method according to any ona of the preceding claims wherein said RNA endogenous to said celJ 
comprises indigenous RNA 

5., A plant cell fwepared according to the method of any one of the preceding claims 

6. A DNA constnjct comprising a transcriptional initiation region functional In a p^ant celU a dsDNA 
sequence having as the transcribed strand a sequence complementary to an RNA sequence endog- 
enous to a plant ceH. and a transcrfptlonal termination region 

7. A ONA constnJCt according to claim 6 including a sequence coding for a marker capable of selection in 
a pEant celi 

8. A DNA construct according to claim 6 or claim 7. wherein aatd RNA sequence endogenous to said 
pfant cell indigenous RNA 

9. A plasmid comprising a replication system functional In a prokaryoiic host and a DNA construct 
according to any one of claims 6, 7 or 8 

10. A plasmid comprising a replication system functional in Agrobacterium and a DNA con$tfuct according 
to any one of claims 6 to 9 containing at least one T DNA border, 

11., A plant derived from a cell according to claim 5 or from a cell which has been transformed with a DNA 
construct or plasmid according to aiy one of claims 6 to 10 
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